Abstract. Why does the Sun shine? Today we know the answer to the question and we also know that earlier answers were quite wrong. The problem of the source of solar energy became an important part of physics and astronomy only with the emergence of the law of energy conservation in the 1840s. The first theory of solar heat based on the new law, due to J.R. Mayer, assumed the heat to be the result of meteors or asteroids falling into the Sun. A different and more successful version of gravitation-to-heat energy conversion was proposed by H. Helmholtz in 1854 and further developed by W. Thomson. For more than forty years the once so celebrated Helmholtz-Thomson contraction theory was accepted as the standard theory of solar heat despite its prediction of an age of the Sun of only 20 million years. In between the gradual demise of this theory and the radically different one based on nuclear processes there was a period in which radioactivity was considered a possible alternative to gravitational contraction. The essay discusses various pre-nuclear ideas of solar energy production, including the broader relevance of the question as it was conceived in the Victorian era.
Introduction
When Hans Bethe belatedly was awarded the Nobel Prize in 1967, the presentation speech was given by Oskar Klein, the eminent Swedish theoretical physicist. Klein pointed out that Bethe's celebrated theory of 1939 of stellar energy production had finally solved an age-old riddle, namely "how it has been possible for the sun to emit light and heat without exhausting its source"
1 . Bethe's theory marked indeed a watershed in theoretical astrophysics in general and in solar physics in particular. Thanks to Bethe, Charles Critchfield, Carl Friedrich von Weizsäcker and their followers we know today in great detail that the Sun is a huge fusion reactor. Although the solution of the riddle may be safely dated to 1939, more than a decade earlier Arthur Eddington had anticipated that thermonuclear reactions power the Sun [Hufbauer 2006 ]. Our present knowledge of solar energy production started with either Eddington or Bethe, but it should not make us forget that there were many earlier attempts to solve the riddle. This paper surveys the attempts during the period from about 1840 to 1910, shortly before the atomic nucleus became a reality. From a historical point of view this earlier and unsuccessful period is no less interesting than the later success story.
The concept of the Sun changed dramatically in the mid-nineteenth century as a consequence of the discovery of the fundamental laws of thermodynamics. The Sun was now conceived as a huge heat engine and the question of the source of its heat and light became of central importance to the emerging fields of solar physics and astrophysics. Like any other heat engine the Sun was in need of fuel, and when the fuel ran down it would supposedly cease to shine. On the top of that, the second law of thermodynamics implied that the emitted energy would increasingly become less useful and eventually the solar system, and indeed the whole stellar universe, would end in a lifeless equilibrium state with no possibility of recovery. In any case, the message of the new energy physics was depressingly clear: The Sun was irreversibly on its way towards extinction.
The first mechanical theories of solar heat were meteoric, based on the assumption of massive meteor showers falling into the Sun and thus feeding it with energy. However, it was soon realized that meteors were unable to generate the necessary energy and since about 1860 another theory became widely accepted. According to the Helmholtz or Helmholtz-Thomson theory, gravitational contraction was the source of the Sun's thermal energy. The theory predicted a solar lifetime somewhere in the interval between 10 and 100 million years. Although the contraction theory was supported by most physicists and astronomers, there was no shortage of alternatives promising an almost eternal life to the solar system. Throughout the period the discussion concerning the Sun's life and death was closely connected with the question of the age of the Earth and its habitability in the future. With regard to this question, the physicists' calculations disagreed violently with the geologists' estimate of the Earth's age [Burchfield 1975] . During the first decade of the twentieth century a new energy source aroused much interest, namely radioactivity and more generally subatomic energy. But the interest was short-lived and by the end of the 1910s the problem of the Sun's energy remained unsolved. And yet there was light at the end of the tunnel.
The dying Sun
In his classic Treatise on Astronomy, a work dating from 1833, the distinguished British astronomer and natural philosopher John Herschel briefly dealt with the question of the source of the Sun's energy. We are "completely at a loss", he admitted [Herschel 1833, p. 212] . A few decades later the scientists were still at a loss, but not quite as much. An answer to the question seemed within reach. The conception of the Sun changed materially in the 1840s as a consequence of the discovery of the principle of conservation of energy. While previously it had made sense to conceive the Sun as an eternal cosmic object in agreement with the uniformitarian methodology of Charles Lyell and others, it now became natural, and indeed imperative, to discuss the source of the Sun's heat as well as the time at which it would cease to shine. As the American astronomer Simon Newcomb [1878, p. 505] pointed out, it was only with the discovery of energy conservation that these difficult questions were recognized to belong to the realm of science.
